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ACWR Lhi~. HulRes ?al juascn, Jolan l.zscn,
Yol i, Mo ', 1952, Istven ayer, hemi.try La sratory
Fulacnst, ss-3 15«73 of the iichter Ush smy anc

« Chemlistry enartacnt of the
svawe Kygiene .natituts, vean st

Freeivea: Ph July 1951

fecause of the outsianding role of ercect atkeloids n
macieing, and vecause of thelr gr-ut value, inerqasing de-ands &re
bairs made on productian eantyol of those rharnaceuticals, This
t-3k s howevor crmmlicatars by he inconveniancs cum to “he axposure
of aralytical rrade praparations to standard test., -lus the fact
tha* they do nat rza o 8table for very long, aven whep hormet.cally
spiled and .n darkness. The a.. ors have tharefors Lri:c tu (eLér-
mina axperi antally whether a <. nyle, reolatively stavic g.accaru is

ussl:le for the aon o asti.n of 8l the 3 cale o ital ;us.

Fuota eatric cetor lnmtion i) basne, as 13 =znerally nown,
on the Van ~k ecolor waction {1l). ihe Llu calor Yoo tia fr.n the
effact 2 p- inethylsaido anzal@ehy s in s.lfurde arid 5 it 6 .0
33 ~subat. d ‘nidole nerivatives, in the :lven case tias Lysargie
reid whicr @3 -art ‘n the btullding ¢ of all arrot a. X i1~'.3 is
t'e causs ¢ this reaeti-n, since the mechaniam of -l . rea~tlen
is unknown, .t w:s questionatle whether perhens other grs s and
narts of *he molecule nfluernee i eolor s2ither n a "alitaii e
or 2 ~usniitative sense, omith »nd Tim-is (7 menticn tha: the
intsnsit. »f tha ealor, 'n we casze of Lhas erzins produesd by is =-
‘= ration ({3-lysergic -cid ami.e}, an: of erg> e¢triaing, is .n
‘ndirzel prora-ticon 1o th molar wei ht. oince @ cow . trinine is

tiie az 8 2f lacl,serglc acio formeo Wwill arslatiovsily soa s

~
~.
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o looulpmying extinctions are dmu next to the lyurgtc ad.d nu
'(nm-. 2), then 1% can be seen that the 2 lines e idthln the
: rengs ot expcrinntal error. The dnmuon noxmts to an avougcr ‘
of. 3'.7$. In the case of crgoalavim the cxbinctions !nlonging to
N thc convomd values (daaigmf.ed by ‘) tan to the m.rgs.c a0ld

7 . 1’“‘ Coe

- ‘nn m-ulta i.lnrofom _prove wlt.h cartllnt.y t.hat the cnlar

naction is dopondont only on the J,yaorgic acid pnrt ot the lolccu.lo
and is not 1nnuoncnd by tb sharter or long-r side chdn ¢ither

in a quaut.ativn or qmmt:lntive seme. .

T!;ia provea clao - accordmg to our own experinom.s - tbn.
u-gotiniuo, on the bui- o!‘ 1t.a construct.ion nnd its mutlbility,
can be locked. upon as pure orgooristinim (035H3905)15; molar might
= 609,35) (nn exporiuntal part) " The c:lporinnnt.ally dariud

. molar weight, cllculated from lines 1 and k or Pigurg 1, show ,
IR an avongc of 6235, with a deviation of 2.3%. Tre, molar vugm IR PR
*  of ergoeryptinine nndic};rgocoruinma (t.ho conponnnta 24 ao-callod ;

‘ puudo-rgounun) are lignificant.ly snuu- (575.37 and 561.35 )

&
a,
. -

mancctinly). T T . R
¢ ° ° o . s
© o @ o w
o

° " But ﬂucormmm pnpamuon' already conaiat of a uxturo
of 3 different alkaloita in nryin; saountsy ’ Sy

3 o .
@ v o

0 - B o
°

Ergotoxine phosphatn : . “ a0 g ° o
Rrgoonsnm _Phosphate C, H390gic: .« n;;mh * HO' Molar weight. 125.43
Ergokryptine phosphate . C3oH) 0l « H3PO), * By0 xom- wigit 691, LS
Ergocorninine phosphate °31”39°§“5 HyPO), * Ho0 Molar azghz 677.&3

Dihydro-argotoxine rhosphates . ‘ ‘ ’
Dihydro-srgocr;stine phosphate c:,;xhlo;r; H3P°h 820 Kolar woi"ht 727.L8
Dihydm—ergocryptmim rhosphate C3gH), 0cNg * H3P0), * Hx0 Molar weight 693.L6
Dihydro-ergocornine phosphate CxHy058g ¢ H3PO) « HoO Molar weight 67?.&5
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ce wing extinctions are drun next to the lysergic lcid m.

‘ (Hgﬂn 2), t.hon it can be seen that the 2 lines lie u:lthin ‘:ho
mp ot axperinntll error. The dovinuon uotmts to an awngu
of. 3“.7{. In the ‘case of. -rgoclavim the oxtincuona bﬂ.onging to
" the oonvomd valuss (dslignlted by +) fall to the lya.rgie aold
. Line. . . ' ) ' '

| .+ The ﬁn;llu..th;fdtox;a' _prove with cemlnty’that'th;' color
x-uction is depondent only on the lyaorgic acid purt of the nolccule
und is not. 1nnuoncod by th shortar or longcr side chdn d. her

in a qmut.at.i.vn or qunntitative sen.so. .

'rhia proves aJ.so -— nccordi.ng to our own experium.s - ﬁuc
? crgot.inim, on the baail of 1t.a conat.mcnon nnd its routlbmty,
can be locked. upon as pnrc orgocristinim (03533905115; molar \nidn.
- 609,35) (no oxperimntal pu-t). The a:porlnnully deri*-ed ‘
-ohr weight, cnlculat.ed from lines 1 and L of ngure 1, shows .
&n average of, 623.5, with a dnviation of 2. 35. 'rrs mular night

2. of ergocryptinine -nd Qrgocorninine (tbo conponmta ot ao-—calhd

© pnndo-crgotinin-) are -ignifioantly s-allor (s75. 37 and 561.35

mametinly). ) S e T Lo
. o B e © ‘ o, ° o * B -
¢ o

° * But  the- ormmnc pupmuonl already conant or a mixture
of 3 different alkaloics in varying asountss . . ’

< “ "

o0 - 2 2
o

Ergotoxine phosplutu : . - o o
[Ergooristine phosphate Gy H3g0gNg: « H3POy * H0 Molar welght 725,43
Ergokrypti.no phosphato °32“h1°5‘5 * H3PO), * HxO xom- weigit 691 Ls
Ergocorninine pho-pluu cmn”ogws * H3POp, °© 1120 Molar uught. 677.L3

Dihydro-argotoxine phoaphntu ¢ ‘

Dihydro-srgocristine phosphate C3Sﬁu0§!5 o HyPO) » n,o Kolar wai-'ht 727.LS

Dﬂlydl’o-ergocryptlnim phosphata CqzH)PgNs * H3PO) * HyO Molar weight 693.u6

Dihydro-ergocornine phosphate CyEH;05¥g * H3PO), - Hgd Molar weight 679.LS
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' in toe crgalsRt=e *awnlas anslvees My 3toli (3). ergoeristine
' snd ergocornine are aliernately dominant, and the ergocryptine,
h-ving';n sverage molar weight, apprars only in a relatively minor
quantity,

-The no].nr lnight of the srgotoxine phosphate invustigated
by the authors, calculated from lines 1 and S of Figure 1, snows
‘an average of 681,9. The heavily drawn line in Figure -3
corresponding t.o this alue ‘alls betwern the “‘Ldenl extinction curves,
ocalculated on the tasis of lysergic wid( content of the C3; and
€3 components, lnd actually quiu aloog to the eréonorﬁine
phosphate with its low molar waigﬁt. aincc the ceviation of the
J? ‘extrems molar weights is ;-athor large {6,62%), and in fact
.;rn.tei than the measuring error of colorimetry, 1?; can be
asaerted t.t'm} the srgotoxine pl;epl'rltionl under 1nvnt.1utlio’n is
riqh in ergocornine. L ’

4

m result of htho exporiment with mapaci' to ditw.dro-orgot-oxim
- phosphate is of principal importance. Here agsin the quéstion ?
is posed whether the saturstion of double bonding in. the hydroaro-
matic part éf the lysergic acid doss not perhape influsnce the
ocolor reaction, (The ;ator-l.olubl- salts of dlhydro-ergotoxine
are widely knovn, strongly hypotensive pbarmaceunticals, Hydsrgine

is 1ts mathane sul’onste.)

From FPigure ki 1t can be seen that the ut.inctim lins of the
 dihydro-ergotoxine prosphate investigated by the authors, like the
previous case, falls between the curves caloulated for the C3g
and O3 compobents, and therefore the hydration o° the lysergic

acid part has no influence on the formation of the color,

According to th- results above therefore lysergic acid, as

-l -
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. )nll as any bc-omous, ctenically pure alkaloid (or 1its u.lt) N

"usable as a standard for the colorimetiric datomimnon of omt

_'llknloidl. Any alksloid can be svaluated by simple cucnlatiap from

‘the graph which has been pl-ott.od for the purpose. It must however

" be ?pﬁisiud that one can only use an anx;m molar weight for
 caléulation in the analysis of oréot.oxine, since it 13 a mixture.

'In the cases which have been studied this comes very close to the
arithmetical mean of the molar weights of ergocristine and ergocornine.

The ceviation in the case of ergotoxine phosphate amounts to 2.8%

- in the case of dihydro-ergotoxine phosphate 1.8, Taking this

5

averare molar Weight into.account, one can’ evaluate the. ergotoxine
preparations with the help of the graph without appreciuble error,
since this graph can be plotted with any. hono’cnnoua ;lknloid. °

Experimental Part " ) .

B

- / For the absolute colorimetric -auurtmoni;; the’ process ﬁrhd; |
out by Sclulek and Vastagh (5) ‘wasz used w:lth the aid of the Zeiss-
Pulfrich photometer. Water ss well as one % tartaric acid was
used as a lolvont. It was established by means of spscial sorin
of experiaenf-s that the reaction is the same in both mu, ‘asguming
that t.ho purity ?i' the tartaric acid comcpond- to 'ehs nquimont.c
of the pbannc'c'poi?. Impurities cut down on the cxotionc’don. It is
upnc!.n.ly important that the nitrogen superoxide used for oxydation
sotuilly be X%, since the yields are smaller with smaller concen-
mtion. The same piptﬂﬁs were alvays u&d for di:l.nti.ng in arder

to avoid droppo'r error, Nol.uu' and Ulkcrt {6) used lan;mu sulfate

and ferric (In)-mni\- sulfau as a catalyst in order to insure
the smooth prozress of the color r«untlon. Bnt the muxora found

no difference in paralls) experincnu within t.he error limits with

or without catalysts.
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The procass was carried out according to Jacobs und Craig (7)

by reduction with potsssiumm hydroxide, Crystalline ergotinine vas
not used as the initial substance, but rather an industrially pro-
duced fOf ergot alkaloid mixture. The dempuiﬁpn product was -
Processod much wore aimply than as described in the cited prescrip-
tion, by making use of the high adserption potential of lysergic
aétd on activated chancoal, The resinous products were removed by
mzntion of the cark water solution which was ocbtained with the
potustu- hydroxide, and :Le solution was treated repeatedly with
actint.ed charcoal (Ipagite) until the Keller-Kiliani mact.ion was

Do longer present in the filtrated solution, The chmoal was

thorongh]g washed with water and exhaustively elutristed ‘boiling
absolute alcohol containing 10%f ammonia, The anmoniatsd solution

Was concentrated, diluted with a little aleohol, and very weakly

,acidj.ﬁbd with acetic acid. After the inoculation, -the v'pre(:'ipita-v
tién of lysergic acid began immediately., For the purposs of

purificetion the acid .as dissolved in potassium hydroxide and
precipitated with sulphuric acid. After cr-stallization with hot
water the anslytical srade lysergic acid precipitated in well.
formed hexagenal crystals, Melting point: 238° (dcconposing). The

water ot‘ cmtallintiou vas reaoved at 1L0° and ? mm pressure.

| ‘°13§16°2'2 . n,o Calewlated: 6.29% Hyo
e Actuals 4,508 ,0
l-uonnt 1. L.OLO mgt 0.367 m Na (751 m, 22° c)
2, 5,087 mg; o.h66 nl Ny (751 ma, 220 C)
C-H-amount 1. 3.L67 mas 9.132 mz COyy 1937 mr HYO
2. 3.899 ma1 10,153 =g 00y, 2.196 mg Hy0

oy
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01631602'\‘? Calc .lateds 7.69% <, 6,004 H, 10.45% %
Actumly 1, 71, £ 0, 6,7t% H, 12.20% .

2, 7..97% C, 6.20% i, 12,703 ¥

“ar color metry, 10.66 and 11.22 mv, m™aspectively, »7 lyser-ic

acid {1 and 11) were d! .solved In 1% tartaric scid solution anc

fi31:d t» 502 ml, Ta'le 1 ¢onta ns the quantitiss in Y taken Trom

th-ga scluti nc, ans thoe averarpe alues of the obssrved oxtineiirns,

3
The orxtines ons of sclutisn T were Jdeotermlned 2 timesy directly
aftar th: reteasa (a), on the nort cay (b}, anc aftar  .ays {c).
The 3~!ution remained in ths flask with a :lass storper, in the
dar¥, without funpus formation nnt we ay 3. Wi By the numrical

table -- unchangzed.

TAELE 1
Lyserglc acid Hetinet ion {verame value! Lys-raic acid Fxtisction
3olution I g a b c Sajution I1 & (a.era-e value)
10.6% 2,049 - - 22.LL 2,192
21.32 2172 0.172 3.1/7 HYTRAS Q.Ll%
1,93 0.277 - -- 67.22 7,39
3I.n 0.327 - -
L2.6L 0.3293 0.uG? G.u00
23, X 0.L79 0.u79 -
S .61 0.53k - -—
62,96 5,600 0.610 0.610
76,28 0.700 - -

II. Ergoreirine Maleate

dne z of ¢ marcially yoduced, pale cveam-colored creparation

=

was v staliized from 100 ml o” h~t alcohol, which ylelded longz

less rods of wae 3u 3tance,

(2}
J'

Q

2]

-7 -
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$=mwount 1, 73 . T ITEl .y N,

o 2. 7.6 man 0 al Ny (746.7 m, 2° C)
J CrglagloN, + CH,0) Calculatedr 9,525 ¥
L e, Actuals 1. 9.3% ¥
2. 9.518 %

O

Yor color'metry 15.L mg were dissolved in water and t'e

solution°increased to 500 ml.

s ©

Ergometrine malsate Bxtinction

. E ( ‘) (Average value)
o 0. 0.160
° 61.6 0.355
. | g2k 0.545
0 1232 2,708
III, Brgoclavine

3

., Brgoclavine vas ottained from a .raw ergot base mixture
wébﬁdi:g to the rungarian patent of E. Merck Company No 113,03l.
" The t;ruric acid solution of raw alkalolis ~.-:aa' treated with 0%
*“camstic soda up to al'kallh mnct'ion, then the ergotinine was drawn
‘off, and then, after acidification wi.th lactic acid, the ersotoxine
was d"ci“ off, Then t.s solution, treated with sodium carbonate
until ;xgﬂtuunacuon, was finally precipitated with chloroform
and shaken out, The chloroform axt;nction vas dried and concen-
trited, and Tor the purpose of rurificatiocn the sclution was
potid over & stert pile of von Procimann standardized aluasnum
oxide, The soluti{:n vas mow strawv-yellow. A‘ter dr;ing, the
su' 3tance wis tvice recr-stallised from bensens, The ergoclavine
thus obtainad ferma w i+, tiny, he.agonal tatlets. Nor dic¢ the
provaration bac-wg discolored afte - long exposure to the air, a
rarity with the ergot alkalolds. It melts, with decomposition, at
17¢°,

. oy

.
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B ?Botltlon in chloroforms [“]D .o 109.'4’° (one % solution)
" | : l--nount].. 1"’6!&1 ?32:1!( (753.20, 3o°c)
o 2. 19k mgs 2.20 LW, (7532 m, 28° ©)
CagHy70N s Caleulaseds 12,76% X
Actualt 1. 12.728 X
2, 12,568
. For coloriuet.ry 20,6 mg (I) aad 28.7 mg (II) of ergoclavine
were dissolved in SOO ul of one £ tartaric acid solution.

Ergoclavine ( 6) Rxtinction Ergoclavine ( b)) Extinetion -
Solution (I) ° (Average valus) . Solution (1) (Average value)
11,6 0.160 56,4 ©© 0.2U5
6244 0.259 , © 8L.6 0.37h
F3.0 104379 112.8 0.517
08,0 0.L60 wio 0.624
12h." 0.573 169.2 0,768,
o 1684 . o, 7h5 - 2218 : 04510
IV. Ergotimins  © .

o The liquor ot ‘hs ergotoxine prosphate extract (see below)
was treated with Mak 13 up to alkaline re.ction ad drawn off with
: ecthor. The disiilla".on residus, purifiec on an Ll203 pile by
c t.ographi.e adsorption, was crystailized from aqueou.s alcohol,.
The ergotlnim t.hus obtained formed largs, pale green tablets.
" The following procedure was found to be very advantageous for
further purification. The substance was dissolved in heated bensens,
and the filtrated, stil: un s:lution was diluted with light
bennene untﬂ 1ncip:l-nt. oloudinesa, From the cooled s-olut.ion argotin.ne
preci- itltod in nicely formed prisms. The prepﬁrn.ion is

enlorless, lelta at 220-225° uith dec mposition. Rotation in

FceslMh .
81 00280R001 300180006 4
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chloreform: (n];'b (sic] @ + 361° (0.L% soluvu.ol:l)ﬂ.’:h_io;tha

e g-tinine erystallised “rom alcohol, Smith and ‘rii‘mis (8)

‘nilca‘'e a rotation of + 365%, and distinguish this _fxfm tha pseudo
\p ~e~=tinine which they obtained from the more easily soluble
fractions, and the rotation of which in chloroform solution is
approclably hicher (+409°) under sinilar conditions. Tais deviation,
aceording to Stoll (9), is derind'ﬁo- the fact that the ‘orgot.inino
with smaller routibiiity is esaexitially pure ergocristinine, and

the ¢ ergotinine is an ergocorninine contarinated with ergooryptinine.

The dissolving of the erpotinine invelved difficul ties nnd
was only achieved ‘by dissolving the 3-;ai, of 15.3 mg first in
one al of 10% alcoholdc ethane-sulfonic acid and then diluting with

one § tartaric acid to 250 ml, accompanied by careful agitation,

Brgotinine Extinction

(§)  (Average value) - o IR T
61.2 0.22
91.P 0,388

122, 0.L73

1530 - 0.600

183.6 - L0.7%0

V. Rrgotoxine Phosphate

The raw ergot base mixture was digested with a tripls quantity
of methanol (10) and after d{lution with acetons the ergotoxine
phosphate was precipitated from the filtrate with alcoholic phos-
phordc acid (1:). CIrystal'isation from alc-hol is suiublu for
purification, Large hexagonal tablets aﬁd Piles are tius o tained.
Meltinz point 18L4-1F6° with doconﬁoaition.

Tren 26,1 mg were dissolved in 2 ml of 2.5% alcoholic sthane-sufonic

-10-

-, ~ . - - .-
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| acid and the ‘solution vas diluted to 500 ml with one ¥ tartaric

-
- -

. acld solution, , T
. . - Ergotoxine phosphate Extinction -
. . (x) . (a.vnr‘;zo value)
52,2 0.167
9 ' : 10hk ‘ 0.9
. 1565 0.578
‘20,0 0.776"

vi. ﬁimo-orgotoxine phosphate

. . Pure orgoto:dm’phq-phate was dissolved in a lukewarm mixiure
_of & 20-wmit quantity of dioxine and  S-unit quantity of water.

Ater adcition of a half quan.u.ty of freshly prepared I’f: sronge,
the compound .as hydrated for 6 hours in a bomb flask under S0 ate
preésgm at LO-Ls® C. The soluticn was filtrated, dried, and the
msvjdug taken up in water with.' weak acetic acid and treated with
mbﬁla until alkaline resction, then transferred to chlomlﬁn.
The dried solution was pours: ovai‘".an A1,0, pile and the colored
product of decomposition was mond.. From the acotone.solution

. of. the dry residuse, duvdrooorgonoxlnf phosphate in nice cr stals
vas obtained with alcoholic phosphoric acid. Melting point with
dacomposition s 198-199°, um‘ considerably higher than ‘the

Qr-;elting p-int of the ergotoxine phosphate,

Saturation of the hydrogenable double bond of lysergic acid

hhdadt bl haan s IAMRRE SRS

is nost, surely reco.-nisable by the change of physiological action,
since no demonstrable physiochemical difference exists between

ini-ial substance and hydrated product,

Bislo~ical comparison of srgotoxine phosphate (EPh) anc

4 hydro-arsotoxine p'osphate (DEPh):

- 11 -

~ . —
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Toxicity (LD;,_\): EPh 25mc * - shite -ouse i, p. 728
DEPh  100mg/ks white mouse i. p. 728

On an isolated rat:it uteruss

EPh 0.0225 mg/kg dosace:s s:mpathicolytic effect

DEPh 0.0150 mr/kz dosages sympathicolytic effect

Blood pressure of the Koetst [slcl:

EPh 0.5 mg/kg dosa-es strong blood-pressure incressing and
sympathicolytic effect

DEPh 0.3 mz/kg dosage: strong blood-pressure decreasing a.d

sympathicolytic effect.

For the colorimetric measurements 2 ,5 mg of the substance
were dissolved.in 500 =1 of 1% tartaric acid solution.

£ Y Dinydro-srgotoxine Extinétion

phoaplutﬁ (K) (average valus)
3.0 0.131
6L.5 0.209
6,0 . 0,290
107.5 0. 360
129.0 0.450
172.0 0.600

v The microelementary anslyses were carried out in the
Institute (-)fﬂal‘gtnic Cheanistry, Botvos Lorand Unlvoﬁit.y, Budapest,
and partly by doctor Alajos Valy (Richter); the biologzical expari-
ments .ore conducted by doctor ‘sla Zewzplen (Richter).

Summary

The extinctions of solutions of lysergic acid with varying

cocncentration, as well as ergometrine maleates, ergoclavine, and

- 12 -

Y . e N

ey

Sanitized Copy Approved for Release 2011/06/06 : CIA-RDPS']-.OQ2_§Q_EQQL\’?‘;C_)‘Q180006-4



: ’ - R
« Sanitized Copy Approved for Release 2011/06/06 : C
s ."-::71. R e et _.bt—n»u.— ; i 5 “ & ‘.n‘}{ Axre "

~~

ergotinine (ergooristinine) were plotted and determined ﬁﬁ: a
Pulﬁdeh photumetsr so that the blue cclor reaction formed with
p;diuetm amidobensaldehyde is produced only by thg lysergic

acid residus. Thus the colorimetric determination of ergo nlknloids’
is feasidle with the help of this nuction,.md as a standard, lysergic
acid or any chenically h-mornnscus alkalold (ergosesirins n:leat.a,»
ergoclavine, etc) can be used. ihw intensity of the blue color is
inversesly prorortional to the molecular sise.
is not affected by saturation of the hydrogenous double bond of

lysergic acid,
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Mgure 1
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Figure 2 o ' .

1, ‘Qrgmetrine maleats converted to lysergic acid; 2, lyu.rgic acid;

3, + ergoclavine ccnverted to lysergic acid
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Fgure 3 ‘ L
1, ergocornine phosphate, calculated; 2,.ergotox;nh pholpluto
from test results; 3, ergocristine phospl'iate,‘ica'lcnlatcd. -
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7 Figure b ’ o
‘1, dihvdroorgocomin- phosphate, calcnlat.odg 2, dihydroergo- :
* toxine phosphate, from test results; 3, dihydroergocristino
.phosphate, calculated
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